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ABSTRACT 
In 1996, the survey by the Meta Group found that 95% of organizations 
surveyed intend to build a Data Warehouse�What's the most interesting was that this 
number was only 15% in 1994. It is generally accepted that Warehouse provides an 
excellent approach for transforming data into useful and reliable information to 
support the business decision-making process. Therefore, more and more 
organizations are planning or have started the Warehouse project. Unfortunately, the 
successful implementation of Warehouse can be an extremely complex process, 
requiring significant planning, patience, and persistence. 
Despite much industry desire for a few high profile successes, the vast 
majority of enterprise Warehouse projects result in disappointment or failure. It is 
reported that up to 80% of current corporate Warehouse projects fail to meet 
organizational objectives while 40% fail completely^. 
This paper identifies many of the challenges and issues that were encountered 
during the development and deployment of Warehouse. From this paper, the 
following topics will be discussed: 
• The definition and purpose ofWarehouse; 
• Key issues on building a successful Warehouse; 
• Identify system components. 
1 For simplicity, Warehouse, thereafter, will refer to Data Warehouse, Warehousing to the 
process to build or maintain the Warehouse. 
2 See http://www.idwa.orQ/fall96/datamarts.htm for more specific statistics ofWarehouse 
implementation. 
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This paper shares and consolidates the experience from Warehouse experts 
and developers. Keep the successful factors in mind, the Warehouse builder can better 
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What is Warehouse? 
Fundamentally, a Warehouse is a staging area for decision-support 
information. The Warehouse 
• Collects data from various applications in operational systems; 
• Integrates and Transforms that data into a logical model ofbusiness subject areas, 
and more importantly, it converts the data into information. 
• Stores the information in a manner that can be assessed and understood by non-
technical decision makers; 
• Delivers information to decision-makers across the organization through various 
report writing and query tools. 
The Warehouse is more than a collection ofbusiness data; it is also the process 
involved in transforming the operational data from source to information stored in the 
Warehouse, and delivering the information to decision maker for interpretation. In 
other words, Warehouse is the data (metay'fact/dimensiony^aggregation) and the process 
managers (load/warehouse/query) that make information available to Warehouse 
users, supporting the make decision process. The goal of Warehouse is to provide a 
single image of all business details of the organization. 
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What is a Data Warehouse? 
Data Sources Data Warehouse Users 
•Existing operational systems *Dimensional data model *Executives, managers and 
•External data sources *Metadata - definitions & business analysts 
p=p=pzpq descriptions .Equipped with various query 
• _ _ _ ^ tools 
M ^ ^ ^ _ 
• ~ ^ m _ _ ^ 魁 
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Bill I n m o n 3 offers most widely recognized definition of Warehouse is a 
subject-oriented, integrated, time variant, non-volatile collection of data in support of 
management's decision making process. Subject-oriented means the data warehouse 
focuses on the high-level entities of the business. Integrated means the data is stored 
in a consistent format (i.e., naming conventions, domain constraints, physical 
attributes and measurements). In the Warehouse, there is only one coding scheme. 
Time variant means the data associates with a point in time (i.e.，semester, or fiscal 
year). Lastly, non-volatile means the data does not change once it gets into the 
Warehouse. 
3|nmon, W. H. (1992). What is a data warehouse? 0"ech Topic Vol. 1., No. 1) Prism 
Solutions, Inc. 
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Common Component of the Warehouse 
There are a number of ways to implement Warehouse. The methodology, 
technology or system components may be different for different implementations. 
There are common components and capabilities of Warehouse. Warehouse should 
include certain minimum functional capabilities. These are: 
• DataBase Management System DBMS to serve as the storage of Warehouse, or 
back-end data source. Relational DataBase Management System RDBMS is 
commonly used, instead of non-relational DBMS. Warehouses can reside on any 
type of hardware servers, from Massively Parallel Processor MPP systems to 
Symmetric Multiple Processor SMP, or to desktop personal computer. 
• MetadatcA, a computerized data catalog describing the source, location and 
meaning of another piece of data stored in the Warehouse. In other words, 
metadata is the data about the data. 
• Extraction, transformation and loading tools, that extract the data from the 
operational data, transform it and load into the Warehouse. It converts data into 
information for retrieval. 
• Decision support, query and analysis tool to let Warehouse user access and 
interpret the information stored in the Warehouse. The information is delivered to 
the user's desktop computer for analysis and the tool usually resides on his 
desktop computer. 
Other variations or derived components may exist as well. 
4 Definition and significance of Metadata can be found in the (1) "Metadata: Data Warehouse 
Key", by Michael Dexter, at http://www.data-warehouse.com/resource/articles/dexter.htm: (2) 




Why Implement a Warehouse? 
For recent years, organizations are beginning to realize the vast potential of 
the information for business decision. If they can tap into this information, they can 
significantly improve the quality of their decisions. To meet these needs^, they are 
exploring ways to make use of the transactional data and a new breed of system has 
evolved and matured in recent years. It is known as a Warehouse. The following 
scenarios give good reasons to build Warehouse. 
Transforming Data to Information 
Most organizations have no shortage of data. Information, but not data, is 
good for supporting business analysis. Most organization's data exists in a form that it 
is optimal for operational applications^, but difficult for analyst's interpretation. This 
is operational data for use of applications such as order entry, distribution, 
manufacturing, and accounting. It fits for day-to-day business applications, and the 
operational data created is highly volatile. Sometime, it is a real-time application 
supporting mission critical application. This operational data usually can hardly be 
understood or accessed by end-users? for analysis or decision making process. The 
^ The other needs for Warehouse can be furtherfound in the "Business and the Warehouse", 
by Martyn Jones, in the http://www.idwa.org/fall96/info.htm 
® Different characteristics and usage between operational system and decision support 
system are discussed in the "Data Warehousing Fundamentals: What you need to know to 
succeed.", by Bob Lambert, at http://www.data-warehouse.com/resource/articles/lamb8.htm 
7 End-user is referred to the ultimate-user accessing and utilizing the Warehouse. 
»^ 
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Warehouse extracts the information from this operational data and transforms it into 
forms that can be easily understood and interpreted by analysts. 
Solution for End-Users 
For recent years, end users are demanding more and more high quality and 
timely corporate information for decision making. Traditionally, upon receiving the 
business requirement by end-users, MIS department delivered reports to end-users. 
This working model has been changing over time, in which end-users need to get the 
data faster than ever before. They are active participants in the use and manipulation 
of data. As they need to analyze that data, not just to read reports, they are building 
their own database and applications for decision support. The Warehouse enables the 
end-user to perform his own analysis of data and create customized reports. They can 
easily access the right data and use the right tools for data analysis. 
Fast Reaction 
Many businesses, such as those in retail and distribution industry, face fierce 
competition within the industry. It is found that they can stay competitive only by 
responding quickly to business opportunities. Whoever responds the quickest will 
benefit the most from the upcoming business opportunities. Therefore, accurate and 
timely information is extremely important for fast reaction. 
The true benefits of the Warehouse lie in the decisions that it enables. 
Organizations find limited savings attributed to the displacement of older decision 
support systems and refocusing staff! Higher benefits are found in the productivity 
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savings achieved when analysts and other staff decrease or eliminate the role of 
gathering information. The highest savings are found where decision-makers could 
identify specific process savings that are the direct result of analysis that could only 
be supported by the Warehouse. 
Common Problem 
Meta Group estimated that the expenditure of Warehouse market, including 
hardware and software, would grow from US$2 billion in 1995 to US$8 billion by 
1998, which translates into a 60% average annual growth rate. Furthermore, there will 
be another US$5 billion of integration services. In addition to the size of Warehouse 
market, the number ofWarehouse and associated applications are also growing. From 
the Meta Group survey, 60% of organizations being surveyed anticipated that their 
Warehouses would grow beyond 50GB in two years. 
MIS management team is rushing into Warehouse projects without 
understanding some of the most important management and system issues. In 1996, 
only less than 15%^ of Warehouse implementations are currently in full production. 
Many of them partially achieve the target Warehouse. Few of them fail to deliver any 
business value at all. 
In order to help the IT managers develop and deploy successful Warehouse 
project. This paper will: 
• Identify the Management issue; 
8 A snapshot view of where the Data Warehouse market is now and where it is going, can be 
found in the "What's New in the Data Warehousing", by Ken Rudin, DBMS Data Warehouse 
Supplement, August 1996, at http://www.dbmsmag.com/9608cl52.html 
« 
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• Identify the Architectural issue; 





Building a successful Warehouse requires a foundation of sound management 
principles. In order for an enterprise-wide project to success, good organizational 
principals must be kept. This paper highlights a few important management issues, in 
which some ofthem are, easily, ignored by organization's management team. 
Cost of Ownership 
The Warehouse is a valuable corporate asset, which takes a considerable 
amount of resources to build and maintain. The organization's management team or 
the project sponsor of the warehouse must be aware of the cost involved. 
Return on Investment 
K)C^ performed a Financial Impact Analysis ofWarehouse in 1996, based on 
62 case studies of organizations that have successfiil Warehouse in use at their sites. 
The goal of the project was to examine the financial impact ofWarehouse on the core 
processes contributing to an organization's success. 
9 Stephen Graham. IDC Special Report: A Study ofthe Financial Impact of Warehouse 
• 
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JDC Key Findings 
Overall, the study showed an average three-year Return on Investment (ROI) 
of401%. Over 90% of the organizations reported a three-year return on investment in 
excess of 40%, half reported returns of greater than 160%, and one quarter showed 
retums greater than 600%. The average payback for the Warehouse application was 
2.3 years on costs, which averaged US$2.2 million. 
In the study, while the 45 organizations included in the summary analysis 
reported ROI results between 3% and 1,838%, the total range varied from as low as 
-1,857% to as high as 16,000%. 
The Total Cost 
To see the total spending ofWarehouse implementation, 25% of organizations 
spent more than the average expenditure, and 75% of them below it. Initial 
development costs are primarily spent on hardware (34%), and internal development 
services (34%). Once the Warehouse is established, hardware and ongoing internal 
support costs remain the most significant each representing approximately 30% of 
total costs over three years. 
In the majority ofWarehouse with spending less than the average expenditure, 
JDC found lower hardware costs, lower consulting costs, and higher internal support 
costs 一 indicating that organizations who spend less, tend to do most of the work 
themselves. This would lead to the related conclusion that these Warehouse 
implementations remain work in progress for longer periods of time. 
• 
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There are two basic expenditures^^ for the Warehouse, one-time expenditure 
and recurring expenses. For many cases, the Warehouse sponsor and project team 
overlooks the expenditure items both at the build time and the production time. 
One-time Expenditures 
Hardware 
• Disk storage 
• Processor costs, which include the computer and its peripherals 
• Network communication costs, which include the network equipment 
Software 
• RDBMS 
• Data access and data analysis tools 
• Systems management tools (activity monitor, data monitor) 
• Integration and transformation tools 
• Metadata tools 
Recurring expenses include: 
• Data propagation and refreshment from the operational environment 
• Metadata maintenance 
• Warehouse enhancements, or application enrichment 
• Performance monitoring 
• Network bandwidth usage 
• Data backup and retention 
• Security Administration 
10 Further reading for "The Data Warehouse Budget and example", http://data-
warehouse.com/resource/artides/inmon1.htm 
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• Training for end-user and Warehouse developer 
• Consultation fee for Warehouse solution vendor 
There is no definite percentage of the allocation of expenditure for each item. 
A carefiil study is instead needed to make an accurate budget of overall expenditure. 
Customer Costs 
MIS departments traditionally absorb much of the cost of building and 
maintaining the warehouse. For many organizations, the cost of upgrading hardware 
and buying software for enterprise systems shifts to the individual or user department. 
The user who accesses the Warehouse needs to know the cost of connection. The user 
may need to pay it for his share of cost. 
Time Costs 
Another cost being overlook by management is the time that the development 
of Warehouse will take. The reality is that the organization needs to invest a 
significant amount of their time in the project, in addition to the financial cost, if the 
project is ever to succeed. This hidden cost cannot be fully reflected by the ROI. The 
sponsor of the project must be well aware of it. 
To make better estimation of the above costs, the Warehouse builder is 
required to prepare the plan for the (1) time necessary to coordinate and integrate 
business information and, (2) time necessary to develop complex technical solutions, 
(3) time necessary to build the skill ofthe Warehouse personnel. 
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Make Sense ofWarehouse 
The ROI may not reflect all potential benefits of the warehouse. Suppose the 
estimated costs far outweigh the apparent benefits of Warehouse, the management 
team must either give up the Warehouse project or start over again looking to make 
use ofWarehouse in other business areas. 
Keeping this in mind, Warehouse provides the business manager the ability to 
thoroughly understand the organization. It helps to uncover the proverbial story, 
which is trapped in the organizational data. The true benefits of the Warehouse lie in 
the decisions that it enables. 
The ROI may not anticipate a satisfactory result and justify building a 
Warehouse. The business manager may consider adding more value to the Warehouse 
by, additionally, exploring the following Warehouse usage^l or benefits. If he can 
make more sense of the warehouse, the ROI will, in turn, improve. 
Reacting Quickly to Volatile Controls and Opportunities 
It is critical that Warehouse provides timely information for decision making. 
Business opportunities may require the organization to response, within a day, a 
week, a month, or immediately. Warehouse enables the organization's decision made 
on time. It also allows keeping track of all past decisions. 
Warehouse often provides an organization with the ability to generate revenue 
in ways that were not possible previously. For example, a clear revenue benefit can be 
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provided by the installation of a marketing Warehouse to provide the organization 
with the ability to run direct-marketing and phone-solicitation departments that it 
previously could not service. 
Furthermore, disseminating information provides the basis for empowering 
individuals throughout the ranks, rather than concentrating decision making within a 
selected group while still maintaining reasonable control. 
Managing both The Macro and Micro Perspective 
The Warehouse delivers a great deal of detailed data. It allows the business 
manager to view the business information both from micro and macro perspective. It 
is appealing to deliver different views of information extracted from a single data 
source, the Warehouse. Business manager can analyze business problem with 
different perspectives, which may reveal new methods of solving problem. 
The different perspectives reveal the real and entire picture of the 
organization. In addition to tackle new business opportunities, this information assists 
to household the organization. For example, the Warehouse can help to monitor the 
profit/loss of each strategic business unit. It helps to locate the resource redundancy 
within a large organization, and hence generates savings in both the human resource 
and the computer-system: reduced disk utilization, reduced CPU costs, and sometimes 
even the elimination of redundant systems. 
Improving Managerial Ability 
11 More Warehouse usage can be found in "The Next Generation of Data Warehousing", by 
Marc Sokol, Computer Associate, at http://dw-institute.com/lessons/nextgen• htm 
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Many business managers are shocked when they are first brought face-to-face 
with data about their organization. Some uncover trends or hidden information they 
never thought possible. Some confirm what they had always thought to be true by 
intuition. And others are dumfounded, since they have never seen their business 
processes described in such a way. They learn how to control situations, monitor and 
measure performance, and go beyond the results possible by intuition alone. It enables 
to fine-tune or re-engineer the business model. It also gives incredible improvements 
in the accuracy of existing systems with concomitant improvement in the overall 
decision-making process. 
Time Savings 
Sometimes the Warehouse provides no additional functionality at all. What it 
does provide in these situations is the ability to do certain kinds of operations more 
efficiently, including time saving. For example, building a warehouse for a grocery 
wholesaler, the buyers for this origination are spending an inordinate amount of time 
pulling together information about each of the products that they are managing. Each 
buyer spend over half his or her time simply plowing through a vast assortment of 
reports and online systems, making redundant phone calls to suppliers and retail 
outlets, just to figure out how each of their products was doing. In this case, the 
warehouse simply provides the same information in less time. The direct benefit of 
this system is calculated as a percentage of the buyers' time. 
The Total Customer Relationship 
• 
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It is costly to build new customer relationships or introduce product to new 
customer. Generally, it is more economical to sell to existing customer, rather than to 
new customer. Warehouse gives an integrated view of customers across product lines, 
division, and much hidden information for analysis. This helps the organization to 
improve the customer relationship, increase satisfaction, and increase revenues. This 
helps to sell more to the existing customer and prevent rival from stealing your 
business. Increased market share, retained market share, improved customer 
relationships, one-to-one marketing posture, and more profitable marketing initiatives 
are common applications of the Warehousing approach. 
Have a Shared Vision within the Organization 
The Warehouse must be designed to address a real business problem. A 
shared vision among the organization's upper management at the beginning of the 
Warehouse project is critical to project success. The upper management will 
understand the ultimate goal ofbuilding Warehouse. Most importantly, he will agree 
that the Warehouse is solving his own problem. In addition to the upper 
management's support, he gets highly involved in the Warehouse project. It must be 
an enterprise-wide solution as well. An honest and open discussion about the business 
problem, and the cost and capability of the Warehouse solution is conducted across 
the whole enterprise. 
The discussion should extend to the end-user such that he understands how it 
works and helps. The more communication with end-user, the more he will feel a part 
of the team, and the more he is willing to contribute. The end-user may even play a 
more proactive role and directly participate in the Warehouse project. As he begins to 
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see the benefits of Warehousing, he then expects more capabilities, features or 
enhancements from the Warehouse. On-going communication between the end-user 
and the Warehouse project team is important, which it helps better deliver a quality 
solution. On the other hand, the end-user will understand both the capabilities and the 
limitations of the current system and today's technology. This makes him a sensible 
user such that he will give the right requirement and advice to the project team. It sets 
the right expectation among the upper management, end-users and the project team. 
Specify the Scope ofProblem to solve 
Warehouse must be viewed and architect as an enterprise-wide solution, but 
not a departmental solution. The Warehouse project team should categorize the 
business subject that the Warehouse may help. The project team should clearly define 
a business problem to solve. And this problem should fall into one of the defined 
business subjects, such as direct marketing, customer relations, retail and distribution. 
In this way, the Warehouse will provide information across departments. It is costly to 
address a single and rare business problem. Should there be any business problem not 
fallen into these subject areas, those problems should be put a lower priority or even 
solved separately. 
Operational data from different user departments is likely to have a certain 
redundancy, and inconsistency. To develop a commonly used subject area, attributes 
describing the data are first defined, and then those inconsistencies must be 
eliminated. This requires the Warehouse having a single consistent definition of all 
subject areas of interest for all end-users whom may want the Warehouse information. 
Warehouse should deliver a major and reliable source of information about a given 
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subject. The centralized definition can be implemented with the metadata or data 
repository tool. 
Warehousing benefits different end-users of the same subject area. More end-
users across user departments can get access to this valuable resource and the DW 
delivers a greater business value. Keep this principle in mind, it is more easier and 
feasible for fiirther growth of the Warehouse, in term of the size of Warehouse, the 
number of applications, and the number ofsubject areas to be addressed. 
For example, suppose a bank builds Warehouse which addresses the subject 
area for “customer characteristics’，, it needs to identify what is in common among 
customers. This piece ofinformation can be used in (1) the direct marketing campaign 
in credit card division, (2) the customer relationship in personal banking divisions, 
and (3) the loan and lease business for credit approval. The organization can benefit 
more as more business applications for Warehouse are developed. 
Keep the Scope Manageable 
Keep the Warehouse architecture simple in design and make it as intuitive as 
possible. An enterprise-wide Warehouse project may sound appealing, but it may 
collapse from the weight of its own complexity. There may be too many data sources 
and too many diverse user requirements. It is fine to have an enterprise-wide vision. It 
is not practical to build a grand Warehouse to satisfy all users' need in the 
organization at the start time. 
The Warehouse project team should plan and implement the Warehouse as 
phases. Warehouse project is cut into phases such that each phase delivers an 
achievable goal for particular type of users or applications. The Warehouse project 
• 
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team should communicate with the end-user and upper management to set correct 
expectation ofeach phase of the project, in terms ofproject deliverables and deadline. 
Keep Scalable and Support Detail Data 
Warehouse may start small, but as end-users explore information and enjoy 
the Warehouse's benefit, they will ask for more historical data, more external data, 
and more detailed data. Requests for enhancements and modifications will 
continuously come. 
Many "quick and dirty" Warehouse architectures store only summarized data, 
and then expect the user to drill down to operational systems to get details. 
Unfortunately, "dirty" Warehouse like this is inefficient for frequent drill-down, 
which is not recommended. Problem arises when users explore more and more data in 
different d i m e n s i o n s l 2 . if the Warehouse does not provide adequate detailed data, 
these queries are impossible. To support analysis of detailed data, the database engine 
and hardware platform must support dynamic aggregation and fast, flexible queries 
against tens to hundreds of gigabytes of detailed data. Studies show that small 
Warehouse grows in size by 30-100% per year. 
Scalabilityl3 is, therefore, extremely important. The Warehouse project team 
should choose an initial application that is small and manageable, making the 
investment in a production system much easier to sell. It should allow continuous 
growth in the fiiture. A scalable Warehouse is, however, a never-ending journey. To 
12 It is an alternative name for variable. 
13 other scalability Issues is discussed in the "Three Issues in Data Warehousing", by Thierry 
Costa, Hewlett Packard, at http://www.dw-institute.com/lessons/3issues.htm 
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allow an enterprise to grow or change, the Warehouse must be designed to be highly 
scalable so that new capabilities and new data source can be added later. In addition, 
the "dirty" architecture, described above, should be avoided. The detailed data, 
aggregation and summary must be placed in the Warehouse, instead of extracting it 
from the operational data at runtime. 
Safeguards for Warehouse 
Upon acceptance of the benefit ofWarehouse, Warehouse project team rushes 
into immediate implementation. It is not uncommon the project team overlooks or 
ignores the associated risks. The risk degrades the quality of Warehouse, lengthens 
the time to finish, consumes more resources, and increases the maintenance effort. 
The project team may assume the Warehouse project will be: 
• Large 
• Financially risky 
• Difficult to manage 
• Complex 
• Resource intensive 
• Time intensive 
With these in mind, the Warehouse project team may build the following 
safeguards for risk management. 
• Manage the problems and risks associated with its large size by developing an 
approach that allows partitioning of the job of building one into a collection of 
smaller, more manageable tasks. These tasks will be autonomous of each other 
and will involve the production of tangible, functional deliverables. 
• 
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• Manage the financial risk by tying the finances of the project to each of the 
individual pieces ofthe process. Contingency finance should be also budgeted. 
• Manage the problems and risks associated with its unmanageability by organizing 
a structure that holds management, operational, and systems personnel responsible 
for different aspects ofits constructions, and it will tie that accountability to each 
of the deliverables and tasks identified. 
• Manage the problems created by overwhelming complexity by designing a 
structure that allows Warehouse team to maintain his focus and direction. The 
project team should create a blueprint for a way to build Warehouse that makes it 
possible for the team to concentrate on discrete pieces of the whole while being 
assured that the system will work when completed. 
• Manage the risks associated with underestimating the complexity, financial cost, 
or time required getting the job done by being thorough in our understanding of 
what it actually will take to get thejob done. 
Industry Standards and Technology 
Technology is one of the key elements to build the Warehouse. The 
components being employed by Warehouse should be adhere to industry standards. 
Warehouse project team will select various kinds of hardware and software for 
different system components of the Warehouse. It is important that the selection of 
technology and system component adheres to well-known industry standards, and 
avoids proprietary technology. Adhering to industry standards, the better flexibility is 
given for integration between legacy data source and Warehouse components of latest 
technologies. The scalability and better integration can be assured. 
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It is a key factor to deliver cost saving solution as well. Using proprietary 
technologies, the Warehouse solution will be locked with any particular vendor. It 
gives rise to monopoly by one or few vendors such that the Warehouse components 
may be unreasonably expensive. It is not uncommon that the proprietary technology is 
cheap to startup, but expensive to grow or maintain. Many MIS organizations have 
already got burned after employing proprietary technology. Using common industry 
technology, the switching cost among the technology components is low. The 
Warehouse project team will be more freely to select solution or component vendors. 
Now that more Warehouse project teams employ the common industry 
technology, the valuable Warehouse experience and skill can be gradually built and 
shared, by means of user conferences or user groups. The Warehouse management 
team can more easily employ skillful Warehouse developers. It saves the training 
expenditure and learning cost within the industry. 
Another important guideline is “Use the minimal set of technology 
components: New technology may, in general, increase the productivity but may 
incur unnecessary complexity to the architecture and additional risk to the Warehouse 
project. Different vendors will provide different sets of technologies. The project team 
needs to consider three issues before adoption of new technology. 
1. How important is the new technology to the project? New technology may give 
you many nice-to-have features, which are not crucial to your project. Then, this 
feature or technology component will be second to consider. 
2. Is it likely the new technology being adopted by other customers? It is not 
uncommon a new technology is useful and increases productivity, while it is not 
popularly used. There are lots of reasons. For example, it may require high initial 
setup cost or high maintenance cost. If so, using new technology could be very 
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frustrated, as the Warehouse builder is always alone. The industry learning curve 
will be steep. The individual's learning cost is high. 
3. How likely the vendor of the technology component will continue to survive? If 
the vendor cannot survive long, the technology component will lack technical 
support and no further growth is allowed. If uncertain of the vendor's healthiness, 
the Warehouse builder may consider the switching cost of the technology 
component. 
There is undoubtedly a great deal of useful technology to aid in building 
Warehouse. K)C has found that many organizations balance the use of leading-edge 
products and services with the installed technology to achieve a comfortable level of 
risk. The overall strategy for these organizations is to stay as close to the familiar as 
possible. New technology is often introduced as a series of manageable, discrete 
steps, rather than as a wholesale venture into the risky, unfamiliar territory of an 
entirely new quadrant. 
With these technologies and products in place, the product integration is 
required. It is a time-consuming and costly task, particularly in a multi-vendor 
environment. Multi-vendor product integration is difficult due to absence of unified 
industry standard interfaces. When new products or new releases of installed products 
are desired, the challenge of product integration is inevitable. "Single point of 
shopping" is the good hint that helps to minimize the integration effort. 
Partner or Vendor 
Warehouse project requires long-term commitment from both the Warehouse 
solution vendor and the organization's management team. The Warehouse needs to 
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grow and evolve, as the core business is required to react to market changes. It may 
not be able to conclude a definite end of Warehouse project. There always exists an 
opportunity or demand for enhancement of the built Warehouse. Therefore, the 
Warehouse project team should not only pick a solution vendor, but also a strategic 
partner. A strategic partner should know and understand the core business of the 
Warehouse. The partner must also have the shared goals and shared commitment with 
the Warehouse management team. During the implementation, a strategic partner will 
consider both the long-term and short-term benefit ofWarehouse. 
Skill is the second important thing to consider. The vendorl4 must provide 
every expertise required for Warehousing. It addresses both the short-term needs and 
long-term trend. That means, the skill assistance provided by the vendor should allow 
scalability. It will ensure the ongoing successful implementation, administration, user 
acceptance, and continuing value that the Warehouse needs to fulfill. As an obvious 
example, even Warehouse, being built, is non-Intemet enabled today, it should also 
consider the scalability for Internet access in foture. Then, the vendor being picked 
should also own the skill of building the Internet-based Warehouse, even the project 
team does not see the immediate need. 
Skill Inventory and Staffing Requirements 
How the Warehouse developer handles the day-to-day, labor-intensive work, 
as well as the unexpected challenges that will inevitably arise, will ultimately 
14 The Warehouse builder must clearly understand what the vendor can provide, which is 
further discussed in the "Five question IS managers should ask vendors", by Michael Saylor, 
at http://www.strateQv.com/DWF/DMR 5auestions.html 
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Skills inventory for Warehouse Developer to ensure the right skills are available 
at the right time, to guide training and hiring in light of strategic needs, and to 
help better manage training programs. 
Skills Management Processes 
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Development 
determine the quality ofthe final warehouse. Therefore, the Warehouse management 
team must ensure there is adequate Warehouse development and maintenance skill in 
the team. In the light of skill inventory, the Warehouse management team can 
measure the adequacy for skill. 
Skill inventory must be built comprising of various warehouse disciplines. A 
skill development plan can help bridge the gap between the in-house MIS skill and the 
target Warehouse skill. Skill gap can be minimized by hiring additional Warehouse 
developer ofrelevant skill, or by re-develop in-house skill. Many Warehouse solution 
vendors can assist the skill development. It may categorize three kinds of personnel 
specifically for Warehousing, 
(1) Operational personnel 
負 
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Operational personnel must be familiar with the day-to-day operations in the 
business area, for which the business objective of the Warehouse is being 
developed. 
(2) Data source support personnel 
Data source support personnel must be familiar with the targeted source systems, 
no matter it is legacy or external data source. He owns specific knowledge about 
the systems themselves, their operational business area interfaces, and computer 
system characteristics. 
(3) System development personnel 
The skills required to fill this role are very diverse. It is not uncommon to have a 
team of specialists working within this area. Specialized skill requirements 
include: 
• Data analysis 
• Business analysis 
• Data modeling 
• Database design 
• Computer-systems analysis and modeling 
It is not uncommon the in-house MIS lacks the Warehouse-specific system 
development personnel. It is recommended the MIS organization acquire it, by means 
ofhiring additional Warehouse developer or skill transfer by the solution vendor. The 
detailed profile of each ofthe above is a quite complicated topic which is out ofthe 
scope of the current study. 
Power User and Training 
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Traditionally, the MIS prepares the data analysis or report, given the data 
requirement or specification by novice user. The turnaround time of the report 
generation process takes long and it is often inefficient because of the mis-
communication. In the Warehouse approach, it is crucial to train Warehouse users to 
be the power user. Given adequate instructions on how to access the Warehouse 
information and use the analysis tools, power user himself is able to extract and 
utilize the Warehouse information. The Warehouse developer enables and empowers 
the power user to manipulate the extracted information. The data analysis and 
m i n i n g l 5 activities will be performed more efficiently and timely. 
In many Warehouse implementations, organization's upper management 
recognizes the need for training, but does not always fund adequate training. 
However, it is，sometimes, costly to train the power user, even ifit is essential. Should 
there be any significant changes to the usage or application of the Warehouse, the 
need for training also arises, complemented with reference materials. Every 
enhancement or change to the Warehouse must be documented and communicated to 
the power user. Warehouse developer must be assigned responsibility for training and 
documentation. 
Training for power users may focus on the access tool, the logic, and the data. 
While the Warehouse supports many different access tools, the access tool should 
give the least learning curve, which is the most important criterion for selection of 
tool. It is noted that the learning curve is largely dependent on the computer literacy 
15 Data mining is the process of extracting previously unknown, valid, and actionable 




of individual. Logic training is also important (i.e., SQL^^ operators, Cartesian join, 
etc.). The power user will learn the most direct and efficient way to access the 
Warehouse information. Lastly, training centers on the data. Data is what users know 
the least. The power user will learn the meaning of information extracted and the 
proper way to locate, use or analyze it. 
Periodically, a review meeting between the power user and the Warehouse 
developer may be necessary. The power user would pro-actively feedback on how he 
uses the warehouse and the difficulty encountered. This will enhance the usability and 
productivity of the Warehouse. The Warehouse developer may also identify any 
further enhancement. 






Architecture is the heart of Warehousing. Warehouse is a very complex 
system that integrates many different components and disciplines across the 
organization. It includes the integration and use of personal computers, data mining 
s o f t w a r e l 7 , communication networks, mid-range servers, mainframes and different 
data sources. It also takes care of requirements from different people and business 
units with different business objectives. Even though these requirements can be stated 
when the Warehouse is built, they change when the business condition changes or 
information technology advances. Hence, successful Warehouse requires advance 
architectural design that can adapt to the changing environment. 
Architecture!^ is a design completed early in the Warehouse project that 
encompasses all aspects of the Warehouse. The architectural design should set a 
common level of understanding among technical, non-technical and management 
staff. Successful systems architecture requires a lively interaction between business 
requirements and technical solutions. A capable architecture will tightly integrate the 
17 Data mining software will be discussed in later section. A software component for data 
mining, typically including data preprocessing, one or more mining algorithms, and 
specialized facilities for visualization of data mining results. 
18 An overview of system architecture of data warehouse can be found in the "Data 




y ^ R,,Qine<ic ^ \ Z Technical Blueprint N^ , . , ^ , 
/ Busmess \ / \ Three components m an architectural framework: 
/ Requirement y : ¾ ^ \ ^ 
/ / ^ ^ H _ ^ \ Business Requirement Study - The requirement 
/ A O ^ A A | / \ ~ X ~ \ coming from the human resources, finance and 
@ _ f l M H | ^ ^ v Q f i marketing departments. 
j O M n t ^ ^ ^ ^ L ^ - - ^ L ^ Technical Blueprint - The hardware and software 
p ^ g m g ^ ^ \ ^ ^ ^ / configuration used to build the Warehouse. 
\ \ / j Latest Technology and Expertise - The skiU required 
\ ^ ' -Vvj..^  * " ~ - \ / to build the Warehouse and the technology being 
V ^ 1 ^ 5 ^ � JX a p _ 
/ ^ ^ - v ^ z " * ^ - ^ . - - ^ \ Growth and Maintenance Plan - It allows future 
/ / \ : ^ 3 \ growth in Warehouse data and appUcation. It ako 
/ ,ff0Mn \ ^ p i enableinfonnationaccessoflargeWarehouse 
.rtijflS^ 8^ SffffffqffwwBgp' ;^->'->>> :• 
^ ^ ti 
\ Latest Technology \ j I 
\ and Warehouse V Growth and / 
\ Expertise / N ^ Maintenance Plan y ^ 
system components and make it scalable for future growth, ease the Warehouse 
maintenance. 
There are several key components in the architecture, (1) Business 
Requirement Study, (2) Key Success Factor, (3) Skill Profiles and Staffing Plan, (4) 
Growth Plan, (5) Technical Blueprint. These core components are, especially, 
important in Warehousing. Other component, which is less important, is out of the 
scope of current discussion. 
Business Requirement Studv 
The Study will describe what the problem the system will address, and how. 
By requirement collection across the organization, business requirements can be 
identified and plan for implementation can be devised. The business requirement can 
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be obtained by interviewing the business manager or extracting from the existing 
business planl9, (which represents and defines all organizational elements). 
By understanding both the short and medium term business requirements, the 
Warehouse architect can design a solution that satisfies the short-term Warehouse 
need, but remains scalable. Additionally, at least 15-30% of the time within the 
business requirement development should be spent on understanding the longer-term 
requirement. After the study, the following information should be collected and 
complied: 
• the logical view of data model, 
• the data map describing the accessing method to the data source, 
• the business rules to be applied to data, 
• the query profile for accessing tools, 
• the immediate user requirements and how the warehouse Mfills it, 
• the way how the extracted information or analysis is presented, by means of 
charts, reports, or other analytical tools 
Business Case Study 
A business case study is strongly recommended, although optional. A case 
study may be conducted in form of workshop or interview, which helps to define a 
decision support platform and identify what information needs to be available. For 
example, in the case of market analysis, a case study determines behavioral patterns 
19 A further discussion on how to align the Warehouse with the business strategic can be 
found in the "Align the Warehouse with Business Strategic", by Jane Griffin, at 
http://www.dciexpo.com/speakers/grifrin.htm 
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of customers, defines the target market, and analyzes profitability. Interviews should 
involve marketing users, finance users, sales force users, operational users, first- and 
second-level management, and senior management. The interview is not collecting 
opinions about the warehouse design issues. Instead, it lists and prioritizes the primary 
business issues facing the enterprise. It enables to build the final warehouse, in which 
these people are most interested. 
Key Success Factors ofWarehousing 
Warehouse is a very complex system. A correction expectation of what it is 
and how difficult it is to build is important. Therefore, it is a good practice to 
communicate with the Warehouse developer of the key successful factors of 
Warehousing, which is one of effective ways to set the right expectation. In addition, 
it tells some common barriers to build Warehouse. The Warehouse builder can take 
adequate precaution during design time or build time. Bill I n m o n 2 0 , famous of 
Warehouse implementation, proposed ten critical success factors for Warehousing: 
1. Separation of operational and Warehouse data and processing 
Operational and Warehouse data serve different purposes and must be 
physically separate. 
2. Data volume management 
Partitioning of database can improve performance. An intelligent database 
management gives bonuses. 
3. Coexistence with older legacy systems 
20 inmon，（1992, April). "The ten critical success factors of building a data warehouse." 
_ 
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Warehouse is not a rewrite of operational system. Coexistence must enforce. 
4. Feedback loop implementation 
Warehousing is not single massive effort but iterative. Requirement, feedback 
and enhancement will come continuously. 
5. Rigorous and proactive treatment of metadata 
A clean, updated and consistent metadata must enforce. Otherwise it defeats 
the purpose ofWarehousing. 
6. Data integration 
Data integration from diverse data sources is costly and time consuming. 
7. Proper user mindset 
A proper mindset can enable an efficient use ofWarehouse. 
8. Knowledge of historical versus current-value data 
Warehouse stores both historical and current. The user can view the data from 
various dimensions. 
9. Cost justification 
After Warehouse power unleashed, more supporting tasks will come. A 
revision of costjustification may require. 
10. Knowledge that existing systems are not perfect 
The builder cannot wait until operational systems cleaned up. Instead, 
Warehouse is built independent of reengineering. 
The key success factors may differ for different environment. These ten 
factors do provide the Warehouse developer a framework to follow, and he can tailor 
it himself. It helps to minimize the associated risk, described in earlier section. 
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Skill Profiles and Staffing Plan 
The warehouse project requires expertise from various disciplines, and the 
skill inventory, discussed in early section, is necessary. During the architectural 
design, a skill profile of individual project developer is prepared. By comparing the 
existing skill profiles and the target skill inventory, the Warehouse management team 
will know how large is the skill gap. The skill inventory should contain information to 
drive staffing and training plans, developing and conducting personnel evaluation, and 
compensation programs. A staffing plan is, then, developed accordingly to fill the 
gap. The staffing plan includes both the hiring plan for Warehouse developers, and 
the internal skill re-development plan. It will also enhance the management team 
ability to attract and retain skilled personnel, execute effective personnel policies, 
optimize morale and tracktrends for early warnings ofproblems. 
Unfortunately, it is not uncommon that the Warehouse management team 
underestimates the required skill inventory. The most often missing skill is the 
expertise in the architectural design. Now that it is difficult to determine if it is a 
capable design at the design time, the management team can identify architectural 
design problems only after the warehouse is in full production. It is suggested that the 
management team seek external help from Warehouse solution provider during the 
architectural design stage. 
Growth Plan 
After the Warehouse first builds, a "never-ending" list of system 
enhancements, migrations and modifications quickly arise. The data volume will 
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grow21 rapidly as well. The Warehouse management team needs to identify 
permanent resources for Warehouse development and support, or other operational 
support activities. An overall development and maintenance schedule must be ready 
in production environment. In addition to the ease of maintenance, it also allows a 
growth path for Warehouse. The maintenance schedule should, at least, include two 
components, (1) the change management procedure, and (2) the problem management 
procedure. 
Change Management Procedure 
This procedure includes the planning, coordinating, distributing, and 
implementing changes to the production environment. The objective is to provide a 
procedure to assess, schedule, build, install, and accept changes into the production 
environment. This is, especially, important in Warehousing, because iterations of 
enhancements and changes are expected. 
Problems Management Procedure 
This procedure is concerned with the problems impact analysis, problem 
reporting, problem diagnose and problem resolution. It aims at optimizing the time 
and effort spent in problem solving. It provides a procedure to recognize, log, and 
21 A discussion of problems arise when data grows rapidly and unexpectedly, can be found in 
the (1) "Data Warehousing's Hidden Cornerstone: Information Storage and Retrieval", by 
John Bernardi, EMC Corporation, at http://www.dw-institute.com/lessons/infostor.htm: (2) 
"Data Warehouse Database Explosion", by Sid Adelman, at http://www.data-
warehouse.com/resource/articles/adelman.htm 
35 
prioritize problems, as well as assign problems for resolution, tracking, escalating, 
and reporting on the resolution. 
Technical Blueprint 
A high degree of cutting-edge technology is often required to build the 
Warehouse. The technical blueprint identifies the technology needed. It also delivers 
an overall architecture that satisfies both the short- and longer-term requirements, in 
order to deliver most business benefit. It must clearly describe the major system 
components and the interfaces, connections or communication paths among the 
components. The blueprint should therefore contain the following components: 
• Overall Architecture. An overall architecture describes each essential component 
ofthe Warehouse, for both data and applications. 
• Data model. A data model describes where the data is located and how the data 
can be used. 
• Logic Map of Operational Environment. The map shows the connection among 
the operational environment. It locates the source database, legacy applications, 
and external data source. It also shows the logical connection among operational 
application and data. 
• Data Security Strategy. A security strategy defines the security policy and the 
security level requirement of each technical component. 
• Data Backup and Retention strategy. 
• Capacity Planning. It is concerned with managing overall performance and 
planning for capacity to meet current and future needs. It also collects and 
analyzes the performance and capacity data, initiates corrective action. 
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Sample Functional Configuration 
广 \ 
,,,,,,::::::::::::.,,,,, ^ g S ^ ^ p P ^ F^ S>_ \ ^' -  k ii . . ^ ii:!^  
O v _ _ _ 良 T — y _ _ _ _ _ ^ ^ H r DB2 \ _ i t f _ _ ^^^goSm^ ‘ lnformatiort ^ ^ H ^ ^ __^  \ ::::::::::x：：：：：：：：：>：：：：：  .,iitiBBSBBBB!^  iS:::::::::::.::nhio**tc IS ^w^^^BmS^ >r P | \ 議 _ 編 變 : , _ ^ P P ^ W Ob|ect^^ 丨丨丨丨丨丨丨丨丨丨丨嗎哪丨丨丨 Y I：： :J ： ： :^:::::::: ^ ^ ^ fSm 霄 - 1 j t~«> V ^9 Access and 
J ^ _ | _ _ ^ ^ ~ ^ J | A n � a t a 
M ^ ^ :¾:¾: :;¾^; ； ^ iim-im X X wm 4^  
LJ ^mmm^\vAm ] n ^m “ .^  = ^ 
Oracle MWP^^^ ^ ^ • ^ A i m 
F = ^ ^ : & B ^ ^ ^ H ^ ^^ >>^ !^:::-:-x.:.:.x-:.:.;s=?>>^  ^ ^ / J L 
j3ymmmm ^ ^ 丁 隱 - 見 _ _ _ _ _ / • 
o^Xmwmmm rorm i i i i a i l P i - = m 
0 � _ _ _ _ V J g M / i J 
- / _ _ ^ ~ ~ ^ ^ ~ ^ / ^ 0 
r !a \： WMMmim^ ¾^¾>¾¾ .»™ «^« ：.»« w» >»» w« '»«• ««- >^¾ vs^  ««< ,• “ ™ ^ ^ ^ ^ ^ ti««<J ^mifMimAm .； 
vsAM Power 
！ — « ^ ^ « ^ 丨 馳 
L 1 — / 
乂 Architecture for Integration ::::::乂 
The Warehouse developer should prepare the components above before the 
Warehouse builds. With these components, the Warehouse should functionally: (1) 
enable data populating and business analysis, (2) ease the maintenance and (3) adapt 
to requirement evolution. 
Enable Data Populating and Business Analysis 
Data populating focuses on extracting the data, cleaning it up, storing it and 
making it available for analysis. The components described above must be designed 
and integrated to enable data populating. (The details of data populating and business 
analysis will be discussed in later section.) Or specifically, the warehouse will: 
• Ensure Consistency ofData from Disparate Data Sources. 
• Load and maintain a List ofVarious Business Tables. 
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• Provide Structured Query Access to the Warehouse. 
• Provide Ad Hoc Query Access to the Warehouse. 
• Provide Reporting Access to the Warehouse. 
• Provide Exports and Summary Data to other Analytical Query Systems. 
• Perform Periodic Update and Purging of the Warehouse Data. 
Ease the Maintenance 
The technical blueprint should also consider the manageability of the 
Warehouse. The day-to-day management of the Warehouse is different from the 
management of an operational system, because the volumes can be much large, and 
require more active management, such as creating/deleting summaries, or rolling data 
on/ofF the archive. The Warehouse is continually evolving to satisfy new business 
requirements. The technical blueprint must therefore deliver a low maintenance cost 
solution. 
Adapt to Requirement Evolution 
A fiill-scale Warehouse automates most Warehouse activities, including the 
data extraction, data loading, and the day-to-day management. The more difficult 
challenge is to architect systems that automate requirements that are going to change 
on a continuing basis. Requirement evolution tends to be the most complex aspect of 
Warehouse. This requires the architecture to be structured to cope with future changes 




With the architecture in place, the Warehouse developer must identify the 
system components required, build the individual component and integrate them 
together. Technically, the following components must be, at least, built: 
• Acquisition component - perform the extract and load operations, 
• Storage component — perform Warehouse management function, 
• Access component - perform a query and data analysis. 
Acquisition Component 
It is designed to assist the Warehouse developer in the process of analyzing, 
transforming, and transporting data from legacy systems to the storage area. Robust 
and reliable data movement architecture is required to make sure that the Warehouse 
is refreshed regularly and consistently. The data movement architecture should 
provide bulk and refreshable data movement, and a fault tolerant recoverable 
architecture. ffiM DataJoiner is good examples of data movement solution for 
heterogeneous sources and targets, across different hardware platform. 
The acquisition component should have software tools giving the following 
capabilities. 
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The Warehouse component, which accesses data from source systems，create the 
metadata, store the manipulated data and analyze it 
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It automates the process of extracting data from source and transporting to 
destination, the Warehouse. By making use of a separate hardware platform and 
network connectivity between the platforms, it allows the developer to input 
specifications for the data to be moved, where it is to be moved, and when. The tools 
should perform accordingly. 
The data p o p u l a t i n g 2 2 must facilitate easy and automatic population of the 
distributed servers. Data replication is one of the data populating technique, which 
totally refreshes or replicates the modified data. Data replication is categorized into 
either pull-based or push-based replicator. Replication based on pull-technology holds 
changed data in a staging- area until it is needed. This represents the point of data 
consistency and currency required for warehousing. Replication based on 
synchronous or asynchronous push- technology delivers data to the target warehouse 
storage. The ffiM DataPropagator and Platinum Info-Pump are good examples ofthis 
kind of tool. 
Data Analyzers 
It assists the developer in the process of understanding where the data is and 
what it means. This is so-called the data for data, or metadata, which may be used 
22 A discussion of complexities and resource requirements involved in data populating can be 
found in the "Converting Data forWarehouses", by Kathy Bohn, at 
http://www.dbmsmaacom/9706d15.html 
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later in the Storage and Access components. This information is usually tied with 
existing data dictionaries and other types of repository support software. 
Data Cleaners 
It makes it easier to clean up data. It uses special rules and routines to check 
for the validity, accuracy, and compliance level of each field within the database. Data 
cleaners often include adjustment software that cleans up the data automatically, after 
it is discovered. 
At the most sophisticated end of the spectrum are the highly intelligent, 
specialized data-cleansing products like PostalSoft, which reads in name and address 
information and makes use of sophisticated sounded, postal standards, and 
merge/purge processing to clean up files for mailing. At the more general-purpose end 
are products like Vality, which uses reference files and search criteria to validate and 
cleanse individual fields. 
Storage Component 
Storage capacity is another critical component. Large amounts of data are 
often a requirement for the data warehouse. Relational Data Base Management 
Systems (RDBMS) can be an effective way to store large amounts of data. Use of 
these databases can offer unsurpassed business analysis and management capabilities. 
Considerations for selecting the right storage media and method include data 
load times, synchronization, recovery, summarization levels, method of data security 
— ^ _ _ — — — — ^ — > « — — « M — M M m M 
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implementation, data distribution, data access and query speed, and ease of 
maintenance. 
In large organizations, mainframes and parallel processor machines are 
reliable platforms of loading, retrieval, transformation and distribution of large 
amounts of data. However, some organizations may choose to implement a 
client/server environment, which can provide convenience and strength at the desktop 
for accessing, manipulating and presenting data, and in some instances can be robust 
enough to household the entire Warehouse. 
The storage component should have software tools giving the following capabilities. 
Databases 
RDBMS is the "heart and soul" of most Warehouse implementation. This is 
where the data stored after extracted and transformed from the data source. The most 
popular database tools in the industry include DB2, Oracle, Informix, and Sybase. 
There are many criteria to select a RDBMS. Performance, ease of use, 
connectivity, and cost of maintenance are some criteria to consider. For warehouse 
application, it is usually more cost-effective to build a warehouse based the RDBMS, 
which is more or less the same as that of the data source extracted from the 
operational database. No wonder, many large organizations, which have had DB2 for 
mainframe, considers a warehouse built with DB2 on mid-range system. This saves 
some cost of data transformation. 
In the Warehouse, the data may distribute throughout the organization, 
especially to the people who are responsible for the achievement of business 
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Finding and Understanding the Data 
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objectives and strategies. It does not make sense to build large centralized corporate 
Warehouse in a distributed business environment. The reverse is also true. 
Fortunately, most of the popular RDBMS are capable of both distributed and 
centralized environments. 
Data Repository 
Data repository provides a software-enabled framework that makes the 
management ofthe Warehouse storage area easier. Repositories make use of special 
indexes and control tables that store metadata. The utilization of data repository can 
make management of the actual Warehouse and data extraction easier. Users can 
more easily understand and analyze what the data is about. 
The Warehouse must be built with a single directory for metadata; standardize 
the RDBMS; and match terms used in the Warehouse to standard business terms, so it 
is easy to relate different stores of information. The easier it is to use the system, the 
— ^ _ ^ — — — » — a — m — M » H M M 
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more likely it will continue to be used and supported. It must ensure to make an 
informational directory available to all workers so they know the meaning and source 
of data in the Warehouse. 
The repository, in other terms, is a business information directory, which is 
used to store the model, all legacy application data dictionaries, data transformation 
rules, and ultimately business views and rules. The future use of the metadata model 
is threefold: 
• Defines target attributes for mapping all data that should be harvested from 
legacy applications. 
• Provides data for online help and data dictionary in the user interface—linking 
business questions to answers. 
• Documents the data model. 
Access Component 
Access is the third technical component. Query tool can give the right people 
access to the right information at the right time. Tools, typically graphical user 
interface tools, that enable access to the Warehouse, should facilitate the retrieval, 
analysis and presentation of information to the Warehouse user quickly and easily. 
Access must also be supported by an infrastructure that builds a bridge between the 
questions the user asks and the answers within the Warehouse. 
The approach of query and multidimensional analysis is a verification 
approach, which is commonly used in the Warehouse implementation. A question is 
asked and a result is presented for verification. Relational database uses a star-schema 
approach to support multidimensional analysis, with the data being represented as fact 
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and dimension tables. This approach can minimize the need for additional specialized 
databases. 
The Access component should have software tools giving the following capabilities. 
Data Analysis and Miner 
One of the utmost initiatives of Warehouse is the ability to attach 
high-powered data analysis and mining tools to it. The data and analysis and mining 
tools can be broken down into the following types: 
• Query manager and report writer, e.g. Microsoft Crystal Report. 
• Spreadsheet, e.g. Lotus 1-2-3. 
• Multidimensional databases, e.g. ffiM OLAp23 Server and Business Object. 
• Statistical analysis tool, e.g. SAS. 
• Artificial intelligence tool, e.g. JBM Intelligent Miner. 
• Graphical display tool, e.g. Lotus 1-2-3. 
The Access component should allow types of data analysis and report 
generation, as many as possible. The data are not designed for a particular application 
but to accommodate the needs of the business. These needs include traditional query 
and reporting, as well as the newer technologies of multidimensional analysis and 
data mining. Therefore, the set of access tools selected must, in first place, 
accommodate the business needs. 
23 oLAP is an extension ofthe relational database paradigm to support business modeling. It 
takes the form of a number of rules designed to facilitate fast and easy access to the data for 
purpose of management information and decision. 
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Middleware24 
The data mining tools are useless if no mechanism is in place to let them 
attach to the Warehouse. While in some situations you will be able to make direct 
connections between user workstations and the Warehouse, in many cases 
middleware software is needed to make those connections inexpensive and user 
friendly. It mainly hides the complexity of backend application resided in the 
Warehouse. ffiM MQ Series is an industry-leading middleware to recommend. 
Other Operational Components 
The final category of products that can be purchased provides the ability to 




Implementing the right technical foundation is critical to the success of the 
Warehouse project. As organization spreads out into multiple buildings across cities, 
states and even countries, the corporate communication infrastructure must be able to 
adequately support data collection, distribution, replication and access. By 
24 Middleware is a set of software tools that bridge applications across hardware platforms. 
Front-end application need not understand what the backend is. Front-end application needs 
— — ^ — — — M — M — — 
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capitalizing on and enhancing existing networks, organization can realize optimal 
benefits with minimal investment in the overall Warehouse. 
There are several approaches to the network bandwidth problem. A direct, but 
often expensive, approach is to increase bandwidth, such as replacing an X.25 
network with a faster, T1 configuration, or even ATM^5 technology. A second 
approach is architectural. The massive data transportation can be avoided during data 
replication and distribution by means of pull-based technology. 
Instead of using workstation clients for the Warehouse, which runs on a 
personal computer or a Unix server like ffiM RS/6000, ffiM ES/9000 mainframe can 
be alternative for clients. Store-based 3270^6 workstations and PCs running Visual 
Basic attach to the mainframe. The mainframe, in turn, accesses the data warehouse. 
Thus, the heaviest traffic is between the ES/9000 and the Unix server, rather than 
distributed across the WAN. 
The network monitoring utility should be built for monitoring both the local 
and wide area networks for faults. Network utilization or healthiness can be 
monitored so that p r o b l e m s 2 7 can be identified and actions taken to ensure adequate 
network availability, which is essential for massive data transportation and 
distribution. 
Backup Utility 
to know what the data service is provided by the middleware. It then hides the complexity of 
backend. 
25 ATM is abbreviation for Asynchronous Transfer Mode, which enables networking of high 
bandwidth. 
26 3270 is a protocol that facilitates PC workstation emulation attached to the mainframe 
computer. 
27 other problems arise from the incapable network and solutions can be found in the 
"Linking Databases: Planning is Key", by Ron Peri, at httD://www cmD.com/interop/linking.htm 
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A backup utility provides every Warehouse user, or business application with 
a means for making copies of the data and programs in the Warehouse. The backup 
utility would also provide a means ofensuring that copies of data and programs were 
moved ofFwhere Warehouse's physical location to allow for recovery in the event of 
a fire or natural disaster. The backup utility allows the backup administrator defining 
the location of the backed up information, the frequency of copying, the retention 
cycle and the need for off-site storage. It will also provide an information archive to 
meet legal and other business requirements for historical information retention. 
Security 
Warehouse, by its nature, creates a security conflict. Warehousing empowers 
the user access the organization's information. It must ensure release the information 
to authorized persons only. Sometimes, the Warehouse access is allowed over 
Internet. Unfortunately, the world seems to be filled with hackers, crackers, and 
industrial spooks of various kinds who are constantly mounting attacks on the 
networks, the hardware systems, and the Warehouse. In addition to the organization's 
information security policy, a specific Warehouse security plan is needed as well. The 
Warehouse project team must have a security a r c h i t e c t 2 8 , who plans for: 
• Security Roles. The security roles describe which kinds of users can access or 
modify which kinds ofdata. It also tells what data needs security at a specific 
28 The role of security architect ofWarehouse can be found in the "Hackers, Crackers, and 
Spooks _ Ensuring that your data warehouse is secure", by Ralph Kimball, at 
httD://www.dbmsmaa.com/9704d05.html 
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security level. The data in the Warehouse may, in turn, be placed or 
partitioned accordingly, in order to fulfill security requirement. 
• Security Technology. It tells the way to authenticate user's access. It should 
handle un-authorized access and track the hackers. It also logs the access 
history. It should understand the latest security technology and hacker 
mechanism commonly used. It will apply the security technology of required 
level. 
• Security Administration. It tells who controls security roles and how. It should 
provide policy on how passwords are administered. It will handle day-to-day 
security authorization or revoke activities. It will communicate the security 
policy to the Warehouse user. 
•« 
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Data Warehouse has been the hottest topics for past few years. By facilitating 
decision making ofquality, Warehousing enables the organization to stay competitive 
and productive. Referencing successful stories, many organizations has observed and 
agreed with benefits ofWarehousing. Many ofthem have even started or considered 
building a Warehouse. Unfortunately, not many of them end with a satisfactory result. 
On the contrast, they run a Warehouse with the target objective partially attained. This 
paper is written to address the major issues Warehouse builders should note. The MIS 
organization will find the useful information, hints, guidelines, or others' experience, 
when planning to build a Warehouse. It therefore saves him the cost and time to build. 
Fundamentally, Data Warehouse is a staging area for decision-support 
information. The most widely recognized definition of a Warehouse is a subject-
oriented, integrated, time variant, non-volatile collection of data in support of 
management's decision making process. It collects and extracts the operational data, 
and then transforms it into the Warehouse information, which can be easily 
understood and analyzed by end-user, via a set of data analysis and mining tools. 
Therefore, a Warehouse usually consists of( l ) extraction, transformation and loading 
tools, (2) metadata, (3) RDBMS, and (4) decision support, query and analysis tool. 
Warehousing transforms the data in the operational system into the 
information in Warehouse, ready for data analysis. In this way, it empowers the end-
user to analyze data in his own fashion. It, in turn, allows the business manager to 
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make timely decision to react to the upcoming business opportunity. Observed the 
benefit of Warehousing, many organizations rush into building a Warehouse. 
Unfortunately, many Warehouse projects end up with unsatisfactory result, because of 
(1) low Warehouse utility and productivity, (2) underestimated setup and maintenance 
cost, (3) lengthy setup time, and so on. 
Building a successful Warehouse requires the resolving a number of 
management issues. First, the Warehouse sponsor or builder must understand the cost 
of ownership of a Warehouse, and the return on investment. This paints the whole 
finance picture, which reveals (1) the implicit and explicit one-time setup cost, (2) the 
recurring maintenance cost and expenses，and (3) the ROI at various life spans. 
Sometimes, Warehousing is not justified when it is build to fulfill a few users' 
requirements. Therefore, it is necessary to think of an enterprise-wide Warehouse, 
which explores as many business applications as possible. 
Second, a shared vision and common objective must be set for all Warehouse 
participants. It sets the right expectation and scope of problem to solve. It specifies 
real business problem to solve, and how Warehousing can help. It is not practical to 
build a full-scale Warehouse all at a time. Instead, it should be built with a 
manageable scope, directing the shared vision and common objective. It must be 
scalable as well, in order to allow further growth in data and applications. 
Warehousing comprises of system components of different technologies, no 
matter whether they are hardware or software. It is important that they adhere to 
industry technology. This enables easier maintenance, lower cost of ownership, less 
steep learning curve. Although latest technology may give better productivity or 
capability, it may incur unnecessary complexity to the architecture and additional risk 
to the Warehouse project. Therefore, the Warehouse builder should follow the rule of 
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using "the minimum set of technology components” On the other hand, when 
acquiring the system components, the builder should select a strategic partner, but not 
only a solution vendor. 
Skill and expertise is very important for Warehousing. The organization can 
build the expertise in-house or acquire it by hiring experienced staff. It may categorize 
three kinds ofpersonnel specifically for Warehousing，(1) operational personnel, (2) 
data source support personnel and (3) system development personnel. The 
organization should maintain a skill inventory of satisfactory level. 
Training and education to Warehouse users is crucial to the success. Given 
adequate instructions on how to access the Warehouse information and use the 
analysis tools, power user is able to extract and utilize the Warehouse information. 
Therefore, a skill development ofuser is also considered. 
Architecture is heart of Warehousing. A capable architecture will tightly 
integrate the system components and make it scalable for future growth, ease the 
Warehouse maintenance. There are several key components in the architecture, (1) 
Business Requirement Study, (2) Key Success Factor, (3) Skill Profiles and Staffing 
Plan, (4) Growth Plan, (5) Technical Blueprint. These are the major components, 
while there are also other components, which constitutes a complete architecture. 
The business study will describe what the problem the system will address, 
and how. By requirement collection across the organization, business requirements 
can be identified and plan for implementation can be devised. Sometimes, a case 
study is conducted to facilitate the requirement collection. 
To have right expectation, the Warehouse developer is less likely to become 
frustrated. Therefore, it is a good practice to communicate with the Warehouse 
developer of the key successful factors of Warehousing, which is one of effective 
—~"-—-
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ways to set the right expectation. A skill profile, staffing plan, and growth plan are 
also needed. 
The technical blueprint identifies the technology needed. It must clearly 
describe the major system components and the interfaces, connections or 
communication paths among the components. The blueprint should show how the 
Warehouse (1) enable data populating and business analysis, (2) ease the 
maintenance, and (3) adapt to requirement revolution. 
Eventually, the Warehouse is built. The integration of different system 
components can be a difficult task. There are three categories ofsystem components, 
including (1) acquisition components, (2) storage components, (3) access components, 
and (4) other operational component. Acquisition components consist of data 
populating tools, data analyzer and data cleanser. Storage components consist of 
database system and data repository. Access components consists of data miner and 
middleware. 
In this paper, major management issues and architectural issues were 
discussed. This provides a good practice for the Warehouse builder to follow. It 
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